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Experimental and Theoretical Impedances and Admittances

of Center=Driven Antennas

by
Phyllis A. Kennedy and Ronald King

Abstract

Recent experimental and theoretical results pertaining
to the impedance and admittance of center=driven antennas
have been consolidated into one report. A complete set of
tables and curves with instructions for their use follows
a general discussion of the problem. The essentials of the
King=Middleton Second=0rder Theory and the final equation for
the second=vrder impedance are presented along with necessary
spacing and end-effect corrections which must be considered.
Experimental results from various sources have been compared
with theory. 1In particular Hartig's experimental results on
the effect of circular apertures in a horizontal ground plane
on the impedance of a half=dipole have beem reevaluated and
found to agree well with theory., 8Special related topics such

as the electrically short antenna and the receiving antenna
have also been discussed.
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Experimental and Theoretical Impedances and Admittances

of Center-Driven Antennas

by

Phyllis A. Kennedy and Ronold King
Cruft Laboratory, Harvard University

Cambridge, Massachusetts

I
Theoretical Discussion of King=Middleton Second=Order Impedance

One of the most important types of transmitting antennas
is the symmetrical, center-driven, straight, cylindrical conduc-
tor of small radius. While the antenna itself does not satisfy
near-zone conditionsy, it must be driven either by a generator
or transmission line which lies in the near zone, and there-
fore the two input terminals of the antenna may be considered
in near-zone terms, From this point of view the antenna
represents an impedance that may be defined as the ratio of
applied voltage to input current.

The apparent or measurable terminal impedance gsa may be
approximated by the impedance of a network combining an ideal
impedance Zﬁ of the locad with a lumped network consisting of a
series inductance LT and a parallel capacitance CT which takes
account of end-effect and coupling between the feeding line and
the load. While these elements do not exist individually, they
may be combined in the proper terminal network to permit calcu-
lation of a measurable transmission=line impedance. The evalua-
tion of LT and CT for several types of transmission line is
found in section VIIX,
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The load impedance Zg,
which implies a finite
separation 28 of the
terminals of the antenna,
may be represented by an
idealized impedance Z
with & = 0 plus a correc~
T tion factor. This correc=
tion factor has been deter-
mined theoretically by
expanding the admittance Xa in powers of BOB to obtain ;% = ;b
from which the correction ;6=§° may be computed. Curves of this
correction factor for several values of SL and as a function of
308 are in a later section on end effects. Thus, the determination
of the apparent impedance &sa involves the theoretical evaluation
of the elementsLT and CT of the lumped network, the correction
Zy = Zg, and Z o The following theoretical discussion is concerned
with the impedance Lye
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The second-order King-Middleton impedance can be calculated
from the equations*
2
cosBoh + (Dy) Ay /¥ * Aoy /¥
i 1
() 2

2 (Dy) ) sinBgh + (D) Bag / ¥y * B Vi

(2,),=

{The order of solution is determined by the number of substitutions
made in the method of successive approximations used in deriving
the general formula for current.) The functions A and B of Egq. (1)
may be defined as followsgs

s o e o e o

*For a derivation of this formula, see R. King, Theory of
Linear Antennas, Chap. II, to be published by the Harvard
University Press; or R. King and D. Middleton, "The Cylin-
drical Antenna; &urrent and Impedance," Quart. Appl. Math.
3, 302 = 335, 2January 1946).
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where the first-order functions 24 and B4 and the second-order
functions ¢, and B, are in the table I. The D-factors may also
be defined,

—

YA
(D,) =1 + (1 = )
13 ¥e1

(4)
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Q S .2
(D.) =1 + (1 = V(1 = )
1% 1 ¥

S
= + =

(D2é 1+2(1 $E;) ]
where Q = 24n %P9 h = half-length of the antenna, and a = radius,
The expansion parameter9llfK19 may be considered a constant for
a given value of S and a given half-length h of antenna as shown
in Fig. 1. A more accurate determination of Wkl for short
antennas is discussed in section IV,

Numerical values of the King-Middleton second-order impedances
and admittances as functions of Boh have been tabulated for SU = 74
8, 9, 10, 11, 12.5, 15 and 20, and are given in Tables II-IX.
For each value of SL | % is kept constant, thereby establishing
the frequency as the variable in the term Boh g-%gho In Figs. 2

through 4 the complex values of (éo%zhave been plotted as functions
of frequency with Sl as parameter. Corresponding curves of
admittance are in Fig. 5. For convenience in extrapolating second-=
order impedarices for intermediate values of SL , resistance and

PRe——
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reactance have been plotted in Figs. 6 and 7 as functions of

L with B h as parameter. In Figs. 8 and 9, R  and IXol are
plotted on a logarithmic scale as functions of B h, and a linear
plot of X in the region near 0 is shown in Fig. Ioo Similar
curves for G, and |B,| are given in Figs. 11, 12, and 13,
Theoretical values of impedance for St 10 are quite accurate;
however, as X is reduced from 10 to 7, the accuracy of the
analysis becomes less good owing to the fact that the implied
restrictions on the radius, a << h, Ba = 2na/‘1\o<<1 are
violated.Curves for which these conditions are not satisfied

are drawn in broken line.

It is convenient theoretically to tabulate and plot impedance
and admittance as functions of Boh = g%% with Q. = 2€n‘=~ as
parameter, and this procedure is also advantageous from an
engineering standpoint where the length of an antenna is usually
fixed and the frequency variable. However, laboratory measure-
ments can be made more accurately and conveniently by maintaining
a constant frequency and a fixed apparatus, in which only the
actual half-length, h, of the antenna is varied. 1In this case
a/%09 rather than 52, is the constant parameter. Tabulated
values of Z, as a function of Boh for eight values of d/‘?x.D (d=2a)
are in Table X, and corresponding curves are plotted in Figs. 14
and 15. Resistance and reactance as functions of a/N, with Boht
as parameter are in Figs. 16 and 17. In Table XTI are listed
values of SL for the given antenna diameters at intervals of
Boho

IT¥, Terminal Functions

A cylindrical anterma usually is driven from a transmission
line. 1Its property as a load impedance terminating a line of
characteristic impedance 5@ may be expressed conveniently by the
terminal functions p and ®, The complex terminal function is
defined as -1

=p+§@=cotn”lz (5)
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where the normalized impedance of the load is

Zy =T, * x, = 2/%, (2, %R, fora i

low=1loss line).
The functions p and ® characterize, respectively, the over-all
attenuation of the load and its over=all phase shift. Figures

18 and 19 contain curves of p and ® for the second-order impedance
of an antenna terminating a low=loss line, as functions of Boh°
Values of p and & have been calculated and plotted for antennas of
S =10 and R = 20 for several values of R,. For each case,
values of (Ro»pes and (Ro)antires are given as well as the Boh
values for which these conditions occur. It is evident that the
function p will be infinite, and the function & discontinuous

by m/2 at resonance or antiresonance,if R, is equal to the resonant
or antiresonant resistance.

III. Resonance and Antiresonance

Convenient reference points in the impedance or admittance
of an antenna are those for which Xb= 0. These are known as
resonant and antiresonant values.

Input resonance for thin antennas is defined as the condition
for which X vanishes when Boh is near %g (thin antennas) and n

is odd. The resonant resistance is very nearly a minimum except
when n = 1.

Input antiresonance is defined as the condition for which
X, vanishes when B h 1is near‘%; (thin antennas) and n is even.
For antiresonance the resistance is very nearly a maximum. Addi=-
tional values of Z  near antiresonance are given in Table XIT to
facilitate the determination of the maximum impedance as well as
the Boh value for which it occurs.

The Boh value at which resonance occurs is siightly smaller
than n/2; and it can be seen from Fig, 20 where %; - Boh (n odd)
is plotted as a function of SL , that the resonant length of the
antenna approaches %?(n odd) as S increases. Similarly, anti=-




TR155 =6=

resonant Boh values are less than integral values of m, and curves

for %? - ﬂohantires(n even) are also plotted as functions of St .

The ratio Oflxmin/xmax‘ which is always greater than unity,
is an important quantity in describing the behavior of the reactance.
It can be seen in Fig. 9 that each capacitive lobe of the reactance
curve is larger than the preceding inductive one, and that the reac-.
tance becomes increasingly capacitive for longer or thicker antennas.

Table XIII contains eritical values near resonance and anti-
resonance which have been computed or obtained graphically. Many
of these quantities have also been plotted in Figs. 21 and 22 as
functions of {L,

Third=-order conductances have been calculated recent1y91 for
the particular case of Boh = /2, and these are given in Table XIV
for comparison with second-order values. 8Since second-order re-
actances are known to be quite accurate at Boh = w/29 these values
may be used along with the new third-order conductances to calculate
corresponding third-order resistance values. These are also found
in Table XIV, It is evident from the results that the third-order
conductances are lower and the third-order resistances higher than
corresponding second-order terms. The percentage differences have
been calculated and are given in the table,

IV. The Electrically Short Antenns

A center=driven cylindrical antenna is electrically short by
definition if the condition
A
o)
is satisfied. For more quantitatively accurate solutions the
condition B h S 0.5 is necessary, but for many cases Bl 1
is sufficiently restrictive,

Owing to the fact that the resistance of the short antenna is
extremely small compared with the reactance, a modified procedure2
for solving the integral equation by iteration is required if the
resistance, as well as the reactance, is to be determined accurately.

" e
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This involves the use of a complex distribution of current as trial
function in the integral equation and an expansion parameter defined
as the ratio of the vector=potential difference (referred to the
end of the antenna) to current rather than the ratio of the vector
potential to current. This new parameter is more nearly constant
over the short antenna than is the 0ld. Numerical values of re=
sistance and reactance have been catculated for SL = 10, using

the improved procedure, and piotted in Fig. 23 as a function of
BOho For comparison the second=-order King=Middleton impedance is
plotted for QL = 10; and it is found that while corresponding
reactance points overlap in a range for which both formulas are a
good approximation, the King-Middleton second-=order resistances

are less accurate than the values from the new formula. Owing

to the smallness of RO compared with Xb and its consequent relative
unimportance in the iteration, the second-order King=Middleton
resistance is no more accurate than the zeroth-=order resistance

for L= o

[Ry], = 2083h°(1 + £& B5n?) (7)

which is obtained for a triangular distribution of current on
the antenna.

There is no quick and accurate method of obtaining resistances
of electrically short antennas, but a similar procedure may be
followed to that by which numerical values for S = 10 were
obtaingdo For antennas with 51 between 10 and o, R, lies between
18.3 B5h® and 20 2h® ohms.® A good approximation of the more
accurate reactance formula for variable SL is

60
- Dt
X0 ® " Fhn ° (8)

where

th = Q <2-in 4 (9)
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Numerical values for L = 1205, 159 and 20 have been calculated
using this formula and interpolated curves drawn in Fig. 23
combining the resulting set of points and King=Middleton second=-
order values for reactance. Tabulated values of impedance as
plotted in Fig. 23 can be found in Table XV.

V. A New Presentation of Hartig's Experimental Results3

It was the purpose of Hartig's research to investigate the
effect of the circular aperture, or driving gap, at the base of
a vertical half=dipole antenna when driven from a coxial line
through a horizontal ground plane, on the impedance characteristic -
of that antenna. The data obtained include measurements for four
different diameters of antemna and for each dilameter, as many as
five different diameters of the coaxial shield.

Since the publication of Hartig®s report, his data have
been reevaluated, and a better comparison between experiment and
theory obtained. 1In the region of antiresonance where the resist-
ance reaches a maximum, the data have been replotted to give more
consistent curves (Figs. 24, 25, 26 and 27). In order to compare
Hartig'’s results with the King-Middleton second=order theory which
assumes bsa = 1, it is necessary to extrapolate any data of interest
back to an experimentally unavailable p/a = 1 value. This was done
in particular for the antiresonant region.

Values of maximum resistance were taken from the curves of
Figs. 24 through 27 and new curves plotted in Fig. 28 for each
thickness of antenna with maximum resistance as a function of b/a.
When extrapolated to b/a = 1, the new values of maximum resistance
are slightly lower than those predicted by the King=Middleton
second-order theory. The location of Rmax and antiresonance in
terms of Boh are of considerable interest since antiresonance
occurs near a point of maximum resistance. Curves of these
critical values for four thicknesses of antenna have been plotted
in Fig. 28 as functions of b/a, and then extrapolated back to
b/a = 1. In addition, corresponding points from the King=-Middleton

it <1 ————
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second=-order theory have been plotted on the appropriate curves.
It can be seen from Fig. 28 that these theoretical points are

in each case slightly higher, or correspond to slightly longer
antennas, than the extrapolated experimental values, and that
closeness of agreement between theory and experiment decreases

as the antenna becomes thicker., This reaffirms the conclusion
that the theory is more accurate for thin antennas. It will also
be noticed that the values of Boh for which Rmax oceurs are higher
in each case than those for antiresonance.

From the given values of b/a and the corresponding values
of B h, f1 15 for antiresonance and max1mum resistance were
calculated using the formula SV = ?fn » Curves of Sl (anti=
resonant) and SL (Rmax) also were plotted as functions of b/a.
As might be expected, these sets of curves differ slightly for
each value of a/ko and their differences increase with the thick-

ness of antenna.

In Figs. 29 and 30 where the measured resistance is plotted
over a wide range of Boh9 the region of importance is that near
resonance. Figures 29 through 32 show enlarged plots of this
region for four thicknesses of antenna. Third-order=resistance
points for B h = /2 1 (see Table XIV) are shown on the appropriate
curves. They agree very well with the experimental results, and
the agreement is best for thin antennas.

The admittance near resonance has been considered for a
representative case in Fig. 33=~that of the moderately thick
antenna. As described previously, Hartig's data were replotted
and extrapolated back to b/a = 1 in order to obtain a new curve.
In addition, a theoretical b/a = 1 curve has been plotted from
the data given in Table X for the antenna of a/Aj = 9.52 x 10”3;
along with a third=order point for Boh = /2, This point lies
extremely c¢lose to the experimental curve.

A tabulation of Hartig's measured lmpedances as used in this
presentation is given in Table XVI. |
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TR155
VI, The Impedance of the Receiving Antenna

Since the impedance of a receiving antenna in the far zone
of a transmitter is by definition the same as the impedance of
the same antenna when driven; it may be determined from measure=
ments on a slotted line loading the antenna. It is assumed that
the receiving antenna is in the far zone of the transmitter. The
distributions of charge and current in the receiving antenna;
therefore, have a negligible effect on current in the transmitter,
and the electromagnetic field may be defined in terms of current
distribution already obtained for the transmitting antenna.

Measurements have been made by Wilson and Hartig and
reported by Hartig, Morita, King and Wilson;4 comparing experi=
mental impedances measured on the same antenna when used succes=
sively for transmitting and receiving. The experimental results are
in Figs. 34 through 36, and may be compared with the theoretical
King-Middleton second=order values calculated previously for the
transmitting antenna (see Tables II through IX)., In Fig. 34
the impedance is plotted over a wide range of Boh with correspond-
ing (L=values on a separate scale, The impedances near resonance
and antiresonance are plotted respectively in Figs. 35 and 36. It
15 evident that the two sets of experimental wvalues are in ex-
celient agreement with each other and with theory.

VII. Comparison of Various Experimental Results with Theory

Results obtained from various sources have been compiled
and plotted in Figs. 37 through 39. Certain critical values
such as the points of maximum resistance, the conductance near
resonance, and the resistance at resonance are of particular
interest., Figure 37 presents the resistance maxima for the
eylindrical antenna as functions of thickness of the antenna.
Theoretical curves based on the Hallen second-order, King-Middleton
second=order, and Schelkunoff first-order formulas have been
presented for purposes of comparison., Data from Hallén and

-
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and King=Middleton are available for both the first and second
maximum points, while the Schelkunoff data are available only
for the first maximum. Experimental points have been plotted

on the curves and are found in general to be in better agreement
with the King=Middleton theoretical curves than with either of
the others. Consideration of the second maximum reveals that the
only experimental data available, those of Wilson, agree quite
well with the King-Middleton curve.

When any admittance characteristic is plotted as a function
of Boh in the region near resonance, any of three separate critical
values may be of importance. For example, if one wishes to con=
sider the conductance, the resonant value, the maximum value, and
the value at Boh = 5/2 are particularly interesting. All three
of these occur at different values of 8 h. EGo]resonant will
usually be found at a value of Bt which is less than ™/2 and
also less than that for the other two critical quantities. The
vaiue of Boh at which Go‘reaches a maximum is slightly greater
than that for IGozres but st1ll less than n/2. The conductance
at Boh = m/2 is also of interest, and its magnitude is smaller
than either of the other conductances mentioned. This is a result
of the fact that the slope of the conductance gcurve increases
rapidly after the maximum is reached. An estimate of the relative
positions of these critical values may be obtained from Figs. 10
and 11 where King-Middleton second-order data are plotted.

In Pig., 38 several theoretical curves of maximum conductance
and the King-Middleton curve for conductance at rescnance are
compared with various experimental points., It will be noted
that the King=Middleton curve for [Go]res falls below that for
[Gojmaxo Correspondingly, IGo]res curves for Schelkunoff and
Hallén would fall below their respective [G/l . curves, if such
dats were available. Presumably, a third-order [G,J,., curve
wculd be an even more accurate theoretical result, Such a
curve has been obtained using a percentage difference method.

The difference between second=order and third-order results for
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the [Gofﬁ/2 case (see Table XIV) is found and transformed into
a percentage of the second-order conductance. This percentage
is applied to the second=-order conductance at resonance to
obtain an extrapolated third-order resonant conductance. This
curve can be seen to agree better with the experimental data
although the contour of the new curve in the theoretically less
accurate region of thicker antennas is somewhat different.

Curves of resistance at resonance are in Fig. 39. The
Schelkunoff curve is much lower than the King=Middleton second-
and third-order curves and is in poorer agreement with experiment.
The King=Middleton third-order curve was determined by the per-
centage difference method described previously, and this extra=
polated curve falls above the second-order curve in the manner
expected. The experimental points are those of D. D. King and
E. O, Hartig. Hartig's three points were taken from Figs. 29,
30 and 31 and obtained more accurately by plotting the critical
region on a very large scale and extrapolating the resonant
resistance points. The points included in circles indicate the
resonant resistance for the available line spacing which most
nearly approximates the theoretical value of b/a = 1. The
range designated by the spread on the curve is the range in-
cluded by the larger ratios of b/a.

VIII. Coupling=and End=Effects

A rigorous determination of the impedance of a symmetrical
center=driven antenna terminating a two-=wire or coaxial line
requires the golution of simultaneous equations in the distri-
butions of current in both the antenna and the transmission
line. The true transmission-=line impedance can be defined only
for points outside a terminal zone while the ideal antenna
impedance of an isolated antenna independent of the driving trans-
mission line cannot be measured. This is a consequence of
transmission=1ine end-effects and of coupling between the antenna
and transmission line. The end-effect due to the spacing 2B
(or b) at the terminals of the antenna requires a correction




TR155 =13=

factor 25 = Z, described in section I. Curves of resistive and
reactive corrections as functions of BOB and with Boh as parameter
are given in Figs. 40, 41 and 42 for several values of L . These
effects are significant over distances along antenna and line that
are comparable to small multiples of the separation b. The con=
dition Bob << 1 effectively confines the coupling to the near
zone, and since conditions of symmetry and perpendicularity for
the symmetrical center-driven antenna eliminate inductive coupling,
the coupling between antenna and line may be represented by a
lumped capacitance in parallel with the antenna at its junction
with the 1line. The equivalent circuit for the terminal zone of

an antenna as end load on a two=wire line is shown in Fig. 43,
where the subsecript Te indicates an end=loaded line. The lumped
series inductance LTe compensates for the use of a constant
inductance per unit length in the terminal zone. The lumped
parallel capacitance CTe includes a correction for the assumed
constant capacitance per unit length of line in the terminal zone
as well as for the effect of coupling between the line and the
termination. For the circuits of Fig. 43

(b - a)

LTe = - "éfﬁ';"' 3 (10)
where 1 v
Vo =745 ¥ 10 m/henry , and

is defined and plotted in Fig. 44. The following notation is used:

b = 26 1is the full-line spacing,
a  1is the radius of the line,
d is the length of the terminal zone,

w is the distance from the point on the
line under consideration to the antenna,

¢q is the uniform capacitance per unit length
of line.
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Figure 45(a) shows an antenna mounted at the center of a
symmetrical line driven from both ends by identical generators
where each line may be considered to be terminated at the center
in a combined impedance 2;50 The values of the lumped reactances
must now ba redefined. Lch where the subscript Te represents

the center-loaded line, is found to be just double the xalue for
the end-loaded line.

= . b=a ‘
Lo, - (11)
This value of lumped inductance must be connected in series with
each half of the symmetrical line. The lumped capacitance is
defined and plotted in Fig. 46,

In Fig. 45(b) the equivalent circuit which replaces the
antenna as a center=load is given, and for which there are alter-
native equivalent circuits in Figs. 45(e¢) and 45(d). In Fig. 45(c)
each side of the circult may be treated separately since no current
crosses the central axis of symmetry. In Fig. 45(d) a circuit
for the image 1line is represented. Experimentally the theorem
of images facilitates the study of center=driven antennas for
applications of center-loaded or end-locaded lines. In Fig. 45(d)
the horizontal dotted line ropresents the plane z = 0 which is a
plane of symmetry for the circuit. On this plane the tangential
component of the electric field is zero everywhere K and a perfectly
conducting sheet may be placed at z = 0, isolating both halves of
the circuit. One half of the line may then be removed, leaving
the distributions of current and charge and the electromagnetic
field in the remaining half of the line unchanged.

An antenna with a stub support may be used instead of the
dielectric=supported end-load antenna previously mentioned. The
¢7ub consists of a high-impedance, antiresonant section of line,
the adjustment of which is quite importants the position of anti-
resonance on the line should be determined accurately, and then
the antenna mounted at this point. With the stub constructed
in this way so that its impedance is wvery large compared with that

X, St e e el S 4 e e e e s
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of the antenna, the current in the stub near the junctlon of line
and antenna 1s very small, and inductance per unit length of the
transmission line differs negligibly from that for the unsupported
end~1loaded line. Thus the value of LT = LTe may be used for the
lumped inductance in the equivalent circuit. When the voltage

is a maximum at the terminals of the antenna, the distributions

of voltage and charge along the transmission line and stub are
essentially the same as for the symmetrical center-loaded line
discussed earlier. Therefore CT may be considered equal to CTc

on each side of the antenna. The equivalent circuit for the stub-
supported antenna is given in Fig. 47. The current in the stub

is quite small and no inductance is required on that side of the
antenna. Furthermore, since Lp, is small, the parallel capacitance
may be combined as shown in Fig. 47(c).

It is possible to orient a particular antenna in such a way
that there is negligible coupling to the line. 1In order to accom-
plish this, it is necessary that the antenna be perpendicular to
the plane of all other conductors and in their plane of symmetry
so that the vector and scalar potentials due to currents and charges
on the transmission iine vanish at all points along the antenna.
By mounting the antenna in a plane perpendicular to the line with
a high-impedance stub support adjusted to give a voltage maximum
at the terminals of the antenna (see Fig. 48), it is possible to
compensate for virtually all coupling-and end-effects except
for small values associated with the short connections between
antenna and line, so that Z_,, = Zg.

An approximate solution for the end=effect correction which
must be considered when a dipole is driven over an image plane
by a coaxisl line of finite line spacing is in Hartig's report.3
Again all significant effects are confined to regions near the
end of the line and may be represented by lumped circuit elements,
cince the inductance per unit length does not change near the end
of the line, a corrective inductance is not required. The cor=-
rective capacitance is defined as
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- ko= [ &
b

aw (12)
0 | 2 ZnAE + Y ?

where b = radius of the outer conductor of the coaxial line,

a = radius of the inner conductor,
and (1= £) 2
¥ =2 (sinn™h =2 4 (1 + X5 ) - In 9—5 LI (13)
(%) b
b

Approximate corrective capacitances obtained from this integral
have been evaluated numerically and plotted as a function of b/a
in Fig., 49, In addition, Hartig has obtained corresponding ex-
perimental points for his thin and moderately thin antennas,
Comparison of these experimental and theoretical curves in Fig. 49
indicates that, except for small line spacings, the experimental
peints fall on a smooth curve which lies slightly above that
obtained theoretically,

Many of the procedures for mounting and supporting antennas
and the corresponding theoretical corrections which have been
described in this section have been applied experimentally. In
a report on the theory and summary of measureménts, R. King5 has
presented several pertinent curves comparing experimental results
and theoretical data to which an end-effect correction has been
applied. Impedance comparisons for the case of the high=impedance
stub=supported end-load are given in Figs. 24(a) and 24(b) of
King's paper5 and in Figs., V=12 and V=13 of the original dis-~
cussion by K. Tomiyasuo6 Curves for the impedance of an antenna

connected as center=load in the plane of a transmission line, which

is driven at both ends, are available in Figs. 25(a), (b), (c¢)
aind 26 of reference 5 and also in Figs. 15, 20, 21, 22 and 23 of a
rzport by Gonley7 in which he describes open=wire measurements.
Tomiyasu also discusses the stub-supported antenna mounted per-
pendicular to the plane of the line, a case for which no correc-
tion is needed. His results are compared with King=Middleton
second-order impedance values in Fig. 27 of reference 5 and also
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in Pig. V=8 of refersnce 6. Ange‘lakos,8 using essentially the

ecuipment of Conley, has plotted the impedance variation for
the theoretical case, the styrofoam=supported end-load, and the
stub=supported end-load., (See Fig. VII-=6 of reference 8.)

IX Summary of Procedure

When the frequency of operation, the thickness and length
of antenna, and the particular orientation of antenna and line
are known, it is possible to predict Zsa9 the apparent impedance
of the antenna measured along the transmission line.

1. Determine the theoretical impedance Z_. from
the King-Middleton second-order value? in
Tables II = XII,

2. The load impedance Z5 is found by applying
to Zo a correction for the spacing 25 which
is obtained from Figs. 40, 41 and 42.

3. The equivalent circuit for the particular
ocrientation of the antenna must be deter-
mined as in Figs. 43, 45, 47 and 48, and
the equivalent 1umpe§ elements evaluated
from the appropriate curves or the equation
in section VIIT,

4, The problem of determining Zsa from Zg is
now simpiified to the application of ordi-
nary circuit theory.
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TABLE 1*

B[ cospoh | &, = ol +5ul [0y = af + o3| Smfh 13, = B+ AN By= B tiBs |

0,0{ +1,000000(—0,0000 +0,0000j{—0,0000 +0,0000j] +0,000000{ +0,0000 -+0,0000jf + 0,0000 + 0,0000j
0,1} +0,006004(—0,0100 +-0,0006j|-—0,0360 +0,0022j| +0,009833] 4-0,3374 +0,0000j| 4 1,3462 + 0,0002]
0,2{ +0,080007(—0,0393 +0,0063j]—0,14156 +0,0171j| +0,108669| 40,6667 --0,00006j| - 2,6426 + .0,0030j
0,3{ +0,955336]—0,0864 +0,0175j|—0,3100 +0,0503j +0,206520| +-0,0802 -+0,0028j! 4 3,8420 + 0,0192]
0,4/ -+0,921061]—0,1490 +0,0407j|—0,5311 -+0,1285j| +0,380418 +1,2710 +0,0083j| + 4,0014 -+ 0,0501]
0,5 +0,877583|—0,2234 +0,0773j|—0.7020 +0,2302j +0,47042a! +1,5326 +0,0107j| + 5,7838 + 0,1300j
0,6/ +0,825336/—0,3061 +0,1208j]—1,078¢ +0,2001j| +0,5064042 +1,7504 +0,0307j[ + 6,4500 + 0,2702]
0,7] +0,764842(—-0,3026 +-0,1974j]—1.3702 +0,6700j| +0,0644218{ +1,0475 +0,0713j{ + 6,9070 + 0,4045]
0.8/ +0,686707(—0,473t +0,2816j|—-1,0723 +0,8004j{ +0,7173506] +2,003% -+0,1176ji + 7,1141 + 0,8018]

+ + 1,2184j

0,9] +0,621610)—0,5588 +0,3812j[—1,9550 +1,04062j|4+0,783327| +2,1000 +0,1511] 7,0723

ey

1,0] +0,540302|—0,0291 +0,4935j-—2,2191 +1,3060j) +0,841471} +2,2540 +0,2041j

+ 6,7825 + 1,7374j
1,1] +0,453590|—0.6866 +0,0157j]—2,4564 +1,5728j} +0,891207| +2,2682 +0,3681j| 4+ 60,2504 + 2,3770]j
1,2 +0.362358-—0,7278 +0,7450j|—2,0064 +1,8344j(-+0,932030! +-2,2408 +0,4041j| 4 5,4850 + 3,1306j
1,3{ +0,2674909|—0,7604 +0,8778j|—2,8456 +2,0844j) +(,983558 +2,1725 +0.6123j 4,5619 -+ 1,0015]

)
¢l

+ 4,561
1,4] +0,169907|—0,7527 +1,0000j1--2,0077 +2,3171j| +0,085450| 4-2,0881 +0,8112§[ + 32,2135 + 4,0405]

1,5/ +0,070737|—-0,7345 -+1,13561j{—-3,1232 +2.5201)! +0,007405] +-1.0308 +0,0000j + 1,0376 + 35,0008
1,6]—0,020200{—0.6057 --1,2617)|—3,2220 +2,7102ji +0,000574] +1,7044 -+1,2042j + 0.3021 + 7,0004]
1,7{—0,128844]—0,6377 +1,3550j|—3,2000 -+2,88756j| +0,001665] +1,6731 -+1,4216j|— 1.3038 + 8,850}
1,8{—0,227202{—0,6610 +1,4419j|—5,8430 +3,0354 )| +0,073848| 4-1,3001 -+ 1,0477j|--- 3,1201 + 9,4484]
1,0/—0,323290{—0,4708 --1,5097j|—3,3604 +3,1043j| +0,0406300{ 41,1301 +1,8781j]— 35,0620 +10,6524j

2,0/—0,4106147{—0,8673 4-1,5562j|—3,3431 +3,2762j| +0,000207( +0,8804 -+2,1071jl— 7,0786 -+13,8517]
2,1[—0,504846{—0,2541 +1,5805j|—3,2867 +4-3,3680j| -+0,863200( 40,0317 42,3304 j|— D,1530 -+13,0282]
2,2|—0,588501—0,1343 +1,58105—3,1862 +3,4413j| +0,808496] +0,30601 +2,5431j|—-11,2576 +14,1041]
2,3|—0,666276|—0,0108 -+1,5605j—3,0360 +3,4022jj +0,745705| +0,1011 +2,7303j|—-13,3631 +15,2414]j
2,4/—0,737384| +0,1134 +1,6170j|—2,8360 --3,56100j] +0,675463[-—0,1701 -+2,0154j|—15,4300 +16,2421j

2,6/—0,801144] 40,2300 -+ 1,4528j|—2,6787 +3,6001j{ 4+0,6084721 0,44256 +3,0870j—17,4530 +17,1481)
2,0|—0,856880| +0,3562 +1,3006j|—2,2678 +3,4640j] +0,515501]—0,7142 +3,1081j{—19,3764 +17,0411j
2,7|—0,804072| +0,4087 +1,2601j|—1,0046 +3,3755j| +0,427380{—0,9833 +3.2883jj—21,1756 +18,6030]
2,8]—0,942222} +0,5766 +1,1534j|—1,4031 +3,23806j( +0,334088/-——1,2470 +3,3520j—22,8220 +10,1150]
2,9(—0,970958( +0,6750 +1,0247j|—1,0307 +3,0487j] +0,230249/—1,5065 -+3,3828j[—24,2878 +10,4028]

3,0(—0,980002( +0,7662 +0.,88561)—0,6624 +2,8034j|+0,141120{—1,7560 -+ 3,3790j|—26,5470 +19,6277]
3,1{—0,999135( +0,8487 +0,7362j]—0,0402 42,6018j| +0,0415681]—1,00468 +3,3422j|—206,6708 10,5064 j
3,2|—0,008206( +0,0225 +0,5800j! +0,48060 +2,1448j[—0,068374/—2,2200 +3,2732j(—27,3044¢ +10,35668]
3,3|—0,087480| +0,0876 +0,4181 +1,0187 +1,7340j—0,1567740/-—~2,4202 +3,17056j|—27,8860 +18,8001]
3,4|—0,006798| +1,0435 +0.2515j] 41,6450 41,2770j|—0,265541|—2,0106 +3,0301j]--28,1322 +18,2105]

*from King and Blake, Proc. I.R.E. 30,337 (1%2) and £ Hallén, T+ans. Royal Inst. Joch #e.13,p. 10 (IN7)
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{3, 3825 )| —0,999923; -2,1645

<=3 6811 ~-0,996165 —2,2390
=3,9268) -~ 0,952453" 21,0003
j :
—6.1171) Q0e5s021 1,721y
—~6,2526 ], —0,925515  1,4356
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-5, ‘:774] O.umm' PO 7022
264 1».:;7:;:77 clrosy

| f

~4.8327) ~0.279415; 4+ L4164 -

43674 =0, 182163+ L7134

~—3 842631 - 0,0830%0° « 19963
.|

= 32620 +0.01651 ;i +2.2023

—2, nm);’ 01165380 25087

i
v
{
i

—1,9533j] +0.215120) 4 2,7331
—1,233853! +0.311541 +2.9325
—0,4941j] +0,404550] - 3,1054
40,2707§| +0,494113] ¢ 32485

+l.0462) +0,57~44n' 4 33602
i

+1,8222)] O.u:.tms:] +3.4392

26647 -

S0 1437~
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'—28,09“
—27,7679
=27,1510
- 26,2459
25,0578

- 2,8713]
+2,6772)
+2,4542]
42,2070
41,9344
!
- 1.(;:;9:;1'1 - 23,5957
+1,3285)
+0,98%9 j;—19,4950
+0,6383j1 —17.6930

+0,27485 —13,2750
O1003) 12,6714
04523, - Y,5976
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Table II
King-Middleton Second-Order Impedances
N=2n 2 =7 n/a=16.5

o
=2

o]

Z,(ohms) |z,| | Y, (mnos x 1073) ||¥,|x 1073

* o @ o o

oWV HPWPHHO VOONIOW HWPHHO VNN HWNHH O3

PWWWWW WWWWW PPN PPN HHEFRHE HREHEHE 000
L ] - - L] [ ] [ ) [ ] L] L ] [ ]

* * ® L 3 *

4.985 -§375.6 375.6 0.035 +j 2.662 2.662
18.66 -3150.6 151.8 0.810 +3 6.539 6.589

39.84 -3 56.87 69.4 264 +311.80 14.40
64.06 -3 4.582 64.23 | 15.53 +3 1.111 15.57

80.83 +j 19.70 83.20 | 11.68 -3j 2.846 | 12.02

1 101.8 +j 42.51 110.3 8.365 -3 3.493 9.069
164.8 +j 78.42 182.5 4,947 -3 2.354 5.478
210.2 +3 83.60 226.2 4,108 -3 1.634 4.421
264.0 +3j 69.99 273.1 3.539 -j 0.938 3.661
344.6 -3 44.82 347.5 2.853 +J 0.371 2.877
330.5 -3j127.0 354.1 2.636 +3 1.013 2.824
158.2 -j215.2 267.1 2.218 +3 3.01 3.744
114.8 -3202.9 232.8 2.119 +3 3.738 4,296
61.37 -J165.9 176.9 1.961 +3 5.302 5.653
46.08 -3148.1 155.1 1.915 +3J 6.155 6.446
35.77 -3132.0 136.7 1-913 +3 7.059 7.314
28.95 -§117.8 121.3 1.968 +3 8.008 8.246
24,72 -3105.0 107.9 2.124 +3 9.021 9.268
22,43 -j 93.61 96.26 2.421 +310.10 10.39
21.82 -3 73.79 76.95 3.685 +312.46 12,99
22,96 -3 64.61 8.57 4.883 +j13.74 14.58
24.87 =3 59.50 60.82 6.723 +315.00 16.44
27.61 -3 46.21 53.83 9.527 +315.94 18.37
31.20 =3 36.40 47,94 | 13.58 +315.84 20.86




Iable III
King-Middleton Second-Order Impedances
OQ=2tn@ =8 n/=27.3

wm

o
=

e o 0o o o e e s 0 @ e 0o 0 o o s s 0 ¢ o e ¢ o @ M
oV PWNHO VOO PWPHRO VONNONWN PWHK OJWN

HPWWWIWW WWWWW PO PPN MR HEHERE 00O

Z_(ohms) | |2o] |¥,(mhos x 10 3) 'Yolx 103
10.30 -3j308.4 308.6 0.108 + § 3.239 3.240
38.94 -§ 80.11 89.07 | 4.908 + 310.10 11.23
49,14 -3 46,43 67.60 [10.75 + J10.16 14.79
61.83 =~j 14,11 63.42 |15.37 + § 3.508 15.76
77.59 +§ 17.28 79.49 {12.28 = § 2.735 12,58
97.41 +3 47.93 108.6 8.262 - § 4,065 9.208

123.0 +j 77.81 145.9 5.807 - § 3.674 6.872
261.1 +j140.7 296.6 2,968 - § 1.599 3.370
334.1 +31%1.5 359.0 | 2.592 - § 1.020 2.785
474,3 -J118.5 488.9 1.9 +J .49 2.045
421,2 -3218.4 474.4 1.871 + § .970 2.107
338.9 -J274.3 4%6.0 1.783 + § 1.443 2.294
194.5 =j282.1 342,.6 1.657 + § 2.403 2.919
112.6 =3240.6 265.6 1.995 + 3 3.409 .76
72,01 -~3196.8 209, 1.640 + § 4,481 4,772
60.59 =3177.4 187.4 1.724 + J 5,048 5.334
47,88 -3143.7 151.4 2,087 + jJ 6.264 6.602
44092 '312 07 13603 20418 + J 60927 7.3 7
42,96 -J100,5 109.3 | 3.595 + J 8.410 9.146
43.61 -3 86.53 96.90 | 4.645 + § 9,216 10.32
45.33 =§ 72,25 85.29 | 6.231 + J 9.931 11.72




Iable IV
King~Middleton Second-Order Impedances
Q=222 = 9 n/a =450l

B,h Z,(ohns) 2 | ¥o(mnos x 1073)
0.5 4,988 -3594.6 594.,6 0.014 +j1.681
0.7 10.31 -3379.8 379.9 0.071 +j2.632
0.9 18.39 -3j245.9 246,6 0.302 +j4.044
1.1 30,31 -3j146,7 149.8 1.351 +36.537
1.2 38.29 -3j103.6 110.4 3.138 +38.492
1.4 60.27 -3 24,07 64.90 | 14,31 +j5.715
105 75.34 + 14.00 76.6 1 08 - 2. 84
1.6 94,16 +3 51,69 107;43 5.1%9 -34.279
1.7 | 118.5 +} 89.,54| 148.5 5.372 -j4.059
1.8 | 150.3 +3j126.,9 196,7 3.885 33,280
1.9 193.1 +j162.9 252.6 3.026 -32.552
2'1 32703 +321304 39008 2.143 -310397
2.2 | 425.4 +3207.1 473.2 1.900 ~30.925
2'3 53409 +115407 55 08 10725 .300499
2.4 | 624.1 +j 40.,64| 625.4 1.596 ~30,104
2. 646.6 - 117.4 657.2 10497 + 0.272
2.2 586.5 -3261.8 642. 1.422 +go.635
2.7 480.0 =3j349,1 593. 1.362 +30.991
2.8 371.8 -3379.8 531.5 1.316 +j1.344
2.9 283.1 -3374.5 469.5 1.284 +31.699
3.1| 169.4 -3324.7 366.2 1.263 +j2.421
3.2 135.4 =3§295.8 325.3 1.280 +32,796
3.3 111.3 -3268.1 290.3 1.321 +33,.182
3.4 94,12 -j242.4 260,0 1.392 +33.585

1 81.77 =-3218.6 233.4 1.501 +34,013
3.6 72.05 -3196.4 209.5 1.664 +34.473
303 6 077 -317503 187.6 10897 +j40981
35| Sauke iR | 1shS | 32 g
20| 268 -j114.5 | 128.6 3.546 +36.918

g

e ¢ o @ o o
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Table V

King-Middleton Second-Order Impedances
Q=2tn2 =10 n/a = 75.206

Bh Z,,(ohms) |2, [Y (mhos x 1073) |7 |x 1073
0.7 | 10.30 -3451.3 451.5 0.0506 +j2.214 2.215
1.2 37.84 =-jl127.1 132.6 2.153 +37.229 7.543
1.3 | 47.41 =3 79.76 92.79 5.507 +39.264 10.78
1.4 59.19 -3j 34.27 68.36 | 12.66 +37.333 14.63
105 73.65 +J 10030 740%7 1?.32 -31.862 13045
1.6 91.73 +3 54.72 | 106. 8.040 =3j4.797 9.36
1.8]145.2 +j145.5 205.5 3.437 =33.444 4,869
2.11314.8 +3277.6 419.8 1.787 -31.576 2.382
2.2 416.1 +3303.8 515.2 1.568 =3j1.145 1.941
2.3 | 947.5 +3296.8 622.8 1.412 -30.7652 1.606
2.4 | 697.1 +3227.3 733.3 1.297 =-j0.4228 1.364
2.7 765.5 -3339.9 7.5 1.091 +30.4846 1.194
2.8 622.2 -ja452.6 769.4 1.051 +30.7646 1.300
2.9 479.4 -3489.4 685.1 1.021 +31.043 1.460
3.0 364.5 -3480.4 603.1 1.002 +j1.221 1.658
3.1| 280.0 -3450.6 530.5 0.9950 +31.601 1.885
3.3|179.6 -3376.2 415.2 1.019 +32,182 2.409
3.4 143.8 -3339.9 369.1 1.056 +3j2.495 2.709
3.5| 120.9 -3306.1 329.1 1.116 +32.826 3.038
3.6 103.9 =3274.5 293.5 1.207 +33.186 3.407
3.7] 91.22 -3244.7 261.2 1.237 +33.588 3.829
3.8] 81.84 -3j216.4 231.12 1.930 +3j4.044 4,323
3.9 75.09 -3j188.4 202.8 1.825 +34.580 4,930

s ot
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Table V

(Continued)
Boh 2, (ohms) |2,] |t (mhos x 1073) ||y |x 1073
4.1 | 68.42 -3j133.3 149.8 3.049 +35.93
4.3 71037 -J 76.93 10409 604- 1 +360986
4.4 77.17 -3 47.77 90.76 9.368 +35.800
4.5] 86.62 -3 17.91 | 88.45 | 11.07 +32.289
4,71120.,2 +3 43.02 | 127.6 7.376 -32.641
4.9 | 182.8 +3 99.87 | 208.3 4.213 -32.302
5.0 229.5 +3121.0 | 259.4 3.410 -31.798 .
5.1 28709 +jl3005 31601 20882 "’jlo 06 (]
5.2 396.3 +3120.5 376.0 2.519 -30.8516 .
5.3 | 425.9 +j 82.34 4%3.8 2.263 =-30.4376 .
5.9 502.0 -J 79.40 508.2 1.944 +3j0.3074
5.6 483.1 -3170.1 | 512.2 1.842 +30.56486
5.8 370.0 =-3j282.3 465.4 1.708 +31.303
5.91307.5 -3299.7 | 429.4 1.668 +31.62%
6.0| 253.0 ~-3300.1 392.5 1.642 +31,948
6.1| 208.4 -3290.3 | 357.2 1.632 +32.273
6.3 145.8 =3257.4 295.8 1.666 +32.941
6.5 10808 “1220.4 24508 1.802 +J3064‘8 (]
6.6 96066 -3202.2 224.1 10924 +j40026 *
6.g 87.46 -3184.4 | 204.1 2.099 +3j4.427 .
60 80060 "316700 185.4 20 45 +j40857 .
6.9 75060 ‘314906 167.6 2. 90 +jso 24 .
700 72019 '313200 150.5 3.188 +JS. 30 [




Table VI
King-Middleton Second-Order Impedances

= 2tn %? =11 h/a = 122.4

Boh 2, ohms) 25| | To(mhos x 1073) |¥,|x 1073
0.5 4.977 -3815.1 815.1. 0.007 +3j1.227 1.227
0.7] 10.30 -3522.9 523,0 0.038 +31.912 1.912
0.9] 18.24 -3j341.7 342.2 0.156 +32.918 2.922
1.1 29.81 -3208.3 210.4 0.673 +34.704 4,752
l.2| 37.51 =-3j150.5 155.1 1.559 +36.255 6.447
1.5 72.38 +3 6.378 72.66 | 13.71 -31.208 13.76
1.6| 89.92 +3 57.21 106.6 7.915 -35.036 9.381
1.g 112.0 +3109.0 156.3 4,586 ~-3j4.463 6.399
1.8( 141.1 +3162. 215.0 3.051 -3j3.509 4,650
2.1 302.2 +3331.2 448.3 1.503 -31.648 2.231
2.2 | 400.7 +3382.2 553.7 1.307 -3j1.246 1.806
2.3 | 537.6 +3413.7 678.4 1.168 -30.899 1.474
2.6 [1070. +3 64.78 | 1072. 0.931 -30.056 0.933
2.g 1088.9 -ngg.; iégg. o.gsg +Jo.1gz 8.32;
20 9 . - 4- . . 0. + 004 .
2.9 730.9 -3592.2 948.5 0.824 +go.658 1.054
3.0 560.2 =-3618.5 834.5 0.804 +30.888 1.198
3.1 421.6 -3994.4 728.8 0.794 +31.119 1.372
3.2] 321.9 -39549.8 636.9 0.793 +31.356 1.5g1
3.3 | 250.6 -3500.0 599. 0.801 +31.598 1.789
3.91163.0 =3j405.1 436.7 0.855 +32.124 2.289
3.6 135.7 -3361.4 386.0 0.911 +j32.42 2,590
3.8{100.2 -3282.7 299.9 1.114 +33.142 3.332
3.9( 88.98 -3245.9 261.5 1.201 +33.596 3.77
400 81006 'J209~8 224-9 1- 02 +J40147 40445




Table VII

King-Middleton Second-Order Impedances
h/a = 259.01

QL =2Ln§3 = 12,5

wm
o

(o]

Y (mhos x 1073)
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[ ] ® [ ] [ ] [ ] L [ ] L] [ ] [ ) *
VP wp
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WMPWPHR OWVONION VPWNHOH OVOION
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965.3

1268.
1499,
1490.
1248.
943.6

689.7
506,0
378.4
289.7
227.1

0.0052
0.0259
0.1061

0.4520
1.049

2.73

14.08

7.718
4.068
2,563
1.837
1.435

1.182
1.016
0.8997
0.8150
0.7514

+31.020
+j1.586
+32.413

+33.881
+3j5.211
+37.183
+38.703
-j0.0532

-35.322
-J4.552
~-33.492
-§2.694
~j2.101

-Jlo 278
'3009691
-J0.7011
-30.4624

0.7025 -jO.2449
0.6643 -3j0.0414

0.6343

0.5827
0.5772

0-5585
0.5870
0.6042

+30.1527
+J0.3408
+J0. 5260

+J0.7108
+J0.8986
+J1.093
+J1.297
+31.515




Table VI
(Continued)

-3”
[ZJ Y (mhos x 107°)

™
o
o
N
o]
”~~
z
1]
N

182.0 -3j504.4 536,.2 0.6381 +3jl1.754
124.6 -3388.3 407.8 0.7493 +32.335
. 301.1 1,036 +j3.1595

1

9 252.8 1.336 +33.723
.0 207.3 1,877 +Jj4.443
7

] 79063 -j14 . 165.2 20919 +j5o304‘
. 99.77 =3 5.109f 99.90| 9.997 +j0.5119
.7 | 116.0° +3 42.88"| 123.7 | 7.582 -3j2.802
.0 | 211.8  +3192.2 | 286.1 | 2.589 -32.348

268.1 +3j241.1 | 360.6 | 2.062 -3j1.854
+3319.5 647.1 1.344 -30.7629

+3174.0 856.3 1.143 =-j0.2373
+j 5.512] 927.2 1.078 -30.0064
952.8 1.029 +30,2107
929.8 0.9908 +30.4183
873.6 0.9625 +30.6197

801.1 | 0.9429 +30.8180
725,3 | 0.9317 +31.016
0.9293 +3j1.216
0.9367 +31,422
0.9554 +31.636

3
3
9
g 0.9869 +31.862
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1.035 +32,108
1.107 +32.%79
1.211 +32,685
1.367 +Jj3.039
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lTable VIII

King~Middleton Second-Order Impedances

Qu=24n 2 = 15 n/a = 904.02

w
(o]

¢ o o o

L ] L] - . *® L ] L[] L] L ] [ ] L] L] L] L J L] [ ] [ L L]

LWL LW DO POV HEEHRR HHEHEE OO0
- »® L ]
NOOOIOW PWNOHHO VOION PUWNKHO VOO AW WO~ ju

Z,(ohms) 12, ¥ (hmos x 1073) ¥ |x 10
5.000-31256. 1256, 0.0032 +30.7960 0. 7960
18.13 -j 533.2 933.5 0.0637 +31.873 1.874
36.73 ~J 244.4 247.1 0.6014 +j4.001 4,046
85.93 +§ 65.50| 107.7 | 7.369 -3j5.644 9.282
105.7 +j3 142. 177.7 3.348 =j4.525 5.629
121.5 +j 223.4 299.2 1.956 =3j3.324 | 3.857
165.0 +J 309.1 350.3 1.344 -j2.518 2.854
354.8 +3 616.3 711.4 0,7016 -j1.219 1.406
476.3 +3j 740.3 880.3 0,6146 -30.9553 1.136

6956.3 +j 871.2 | 1091. 0.9518 -3j0.7337 0.9180

929.4 +3 988.5 | 1353. 0.5047 -30.5397 | 0.7389
1330, +31045. | 1891. 0.4684 -30.3639 | 0.5932

2361. +3 278.9 | 2378. 0.4177 -30.0493 0.4206
2362, -3 570.8 | 2430. 0.4000 +30.0967 0.4115
1870. =-j1159. 2200. 0.3864 +30.2393 0.4545

1312. -31328. 1709. 0.3765 +30.3809 0.5356

98.8 -j1273. 1558. 0.3702 +j0.9242 0.6417

449.8 =31008. 1104. 0.3689 +j0.8271 0.9050
332.8 -3 881.1 941.9 0.3752 +30.9932 1.062
293,2 =3 767.3 808.0 0.3878 +31.1g§ 1.238
158.1 =-j 574.7 596.0 0.4450 .616 1.676
129.9 -3 492.9 509.8 0.4998 +J§1.897 1.962




Table VII

(Continued)

B h Z,(ohms) |z, Y (hmos x 1073) ¥ | =x 10”3
4.0 110.0 -j 417.0 431,.2 0.5913 +32.242 | 2.319
4.1 97.25 =j 345.9 359.3 0.7380 +j2.646 2.747
4,3 85.53 -3 212.5 229.1 1.630 +34.049 4.365
4.5 89.91 -3 85.51| 124.1 5.837 +35.509 8.026
4,6 99.14 -j 22.67| 101.7 9.537 +j2.218 9,792
4,9 | 161.9 +3 175.7 238.9 2.840 =3j3.079 4,189
5.0 ] 199.8 +3j 247.1 316.4 1.979 -J2.447 3.147
502 320.2 +J 39902 511.7 10223 -:11.524 1.954
5.3 | 414.5 *3 476.5 631.6 1.037 =j1.195 1.582
5.9 717.7 *3 597.1 933.6 0.8234 -30.6850 1.071
5.6 | 944.4 +3 596.8 | 1117. 0.7566 -30.4782 0.8951
5.7 11210. +Jj 500.0 | 1309, 0.7060 -30.2919 0.7640
5,9 |1564. =3 99.34| 1567. 0.6368 +30.0404 0.6381
6.0 |1481. -3 469.4 | 1954. 0.6135 +30.1944 0.6436
6.1 1258, -3 726.5 | 1453, 0.5961 +30.3443 0.6884
6.2 {1001. -j 843.2 | 1308. 0.5839 +30.4925 0.7639
6.3 779.0 =J 862.1 | 1159. 0.5767 +30.6415 0.8626
6.4 | 598.4 -3 826.7 | 1020. 0.5746 +30.7937 0.9798
6.5 465.6 -3 766.8 897.1 0.5784 +3j0.9524 1.114
6.6 | 367.4 -3 698.8 789.5 0.5893 +j1.121 1,266
6.8 238.5 -3j 962.5 611.0 0.6389 +31.50 1.62g
6.9 196.6 -j 49709 53503 0.6 60 +Jlo73 1.8




Table IX
King~Middleton Second-Order Impedances

fL=2n 2R = 20 n/a = 11013

Boh Z,(ohms) |25l | Y (mhos x 1073) IYolx 1073
0.5 5.030-31809. 1809. 0.0015 +j0.5527 0.5527
0.9 18.93 -j 885.4 885.6 0.0241 +j1.129 1.129
1.4 55.22 -3 138.0 148.6 2.499 +16,246 6.728
1.6 82.98 + %4.58 111.6 6.666 -35.991 g.963
1.8 125.3 +j 295.1 320.6 1.219 =-j2.871 | 2.022
1.9 ] 159.5 +j 414.3 442.5 0.7941 -3j2.116 2,260
2.0 | 195. +j 544.3 | 578.3 0.5840 -31.628 1.729
2.1 247.% +3 288.3 732.1 0.4537 -j1.28 1.363
2.2 | 320.0 +j 853.0 | _911.0| 0.3857 =-jl.02 1.038
2.3 | 232.1 +j1043. 1129. 0.3333 -J0.8231 | 0.8857
2.4 | 576.0 +31269, 1394, | 0.2966 =30.6543 0.7174
2.5 | 819.1 +31538. | 1741. 0.2689 =-30,5079 0.5744
2.6 {1210. +3j1850. 2211. 0.2475 -3j0.3786 0.4523
2.8 {3079, +j2165. 3761. 0.2174 -30.1531 0.2659
2.9 | 4567. +31104. 4699. 0.2068 -30.0500 0.2128
3.0 | 4790. -jl191. 4888. 0.1984 +30.0498 0.2046
3.1 [3262. =j2521. 4123, 0.1919 +30,1483 0.2425
3.2 {1944, -j2570. 3223, 0.1872 + 30,2475 0.3103
3.3 {1182. -j2240. 2533. 0.1842 +30,3493 0.3949
3.4 | 759.3 -j1890. 2037. 0.1831 +30.4557 0.4911
3.9 | 514.3 -31591. 1671. 0.1892 +30.5693 0.5999
3.6 | 364.1 -j1343. 1392, 0.1880 +30.6935 0.7185
3.g 267.5 -3j1138. 1lgo. 0.1956 +30.8325 0.8952
3.9 159.4 =j 814.9 830.4 0.2311 +31.182 1.204
4,0 13004 "J 68202 694'5 0.2707 +Jlo4—l4 10440
4.1 109.2 -3 562.4 573.1 0.3229 +31.713 1.745
4,2 gg.ai -3 455.2 425.; g.ggég Ijg.%%g 2.16
4, . - 405, . ’ . 2.
4.2 88.04 -3 %49.7 364.8 1.256 +33.562 3.;;8
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Table IX

(Continued)
B h 7 (ohms) |Zg] [¥ (mhos  x 1073) —hyolx 163
4.5 | 90 90 -3 153.5 178.4 2.846 +34.817 5+596
4.6 23 -3 958.47| 114.4| 7.512 +34.467 8.740
4.7 110 +§ 37.10| 116.6 8.127 -3j2.726 8.572
4.8 128.5 +j 134.8 186.2 3.706 -33.887 5.371
4.9 153.1 +j 236.2 281.6 1.932 =-32.981 3.552
5.0 186.2 +j 343.4 90.7 1.220 -32.250 2.560
5.1| 230.8 +§ 458.5 %13.4 0.8761 -31.740 1.948
5.2 291.1 +j 983.8 652.4 0.6841 -3j1.372 1,933
5e3 353.8 +3j 721.8 813.1 0.5657 -3j1.092 1.230
5.4 489.7 +3j 875.0 | 1003. 0.4871 -30.8703 0.9973
5.5 656.1 +3j1043. 1233. 0.4320 -30.6868 0.8114
5.6 | 901.4 +3j1220., 1517. 0.3917 -3j0.5302 0.6592
5.7 | 1270.  +j1379. 1875. 0.361 % -J0.3925 0.5234
5.8 1815. +jl442. 2318, 0.3378 =3j0.2683 0.4314
5.9 | 2542, +31222. 2821. 0.3196 -3j0.1536 0.3545
6.0 | 3215. +3 447.8 | 3247, 0.3053 -3j0.0455 0.3086
6.1 ]3273. -3 651.4 | 3337. 0.2940 +30.0585 0.2998
6.2 | 2663. -3j1497. 3055. | 0.2854 +30.1604 0.3274
6.4 | 1314. -31744. 2199, 0.2 55 +30. 3658 0.4581
6.5 | 916.4 -31582, 1828. 0.2743 +30.4734 0.5471
6.6 | 656.2 =j1395, 1542, 0.2760 +30.5869 0.6485
6.g 482.1 -j1217. 1310. 0.2811 + jo. gloo 0.7636
6. 363.2 ~-31096. 1117. 0.2910 +jO 465 0.8951
6.9 | 280.2 -} 912 7 954.9 0.3074 +31.001 1.048
7.0 | 221.3 -3j 786.3 816.4 0.3316 +31.178 1.224




Table X

Tables of Irpedance* of Cylindrical Antenna
of Constant Radius-to-Wavelength Ratio

h = half-length of antenna ;
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For

*These

digit.

a/ho= .00119
Zo(ohms) z°
219.5 221.
37 gg -316 07 1690
46,58 -310 o2 117.
57.77 =3 53 1 78.47
71.42 +3 2,50 71.46
.35 +§ 54.7 103.9
109 +3120.2 162.6
136.9 +3183.8 229.2
172.8 +j252.4 305.9
218.0 +3326.9 392.9
281, +3406. 494,
380. +3495. 624,
509. +3581., 772.
698. +3658. 959.
961. +3689. 1182.
1298, +3606. 1422.
1639. +3299. 1665.
1760, -3234. 1775.
15800 "36 70 17230
1234. -J999. 1563.
480 . - 3890 . 1011 .
250. - 3$793. 867.
277. =3714. 766.
218. -3634 670.
176. -35 Sgs.
143, -3438. 508.
122. -3422. 43 .
104. -3§363. 373.
ko=100 em, = 3/32"
values are only accurate

a

= radius of antenna

a/N= .00158
Bh Zo(ohms) Z,
1.1 29.86 -3201.5 203.9
1.3 460 2 "'J 9808 109 g
1.4 58.13 -J 4702 8
1.5  71.924 +J 4.8 72 10
1.6 89.10 +j 58.5 106.6
1.g 110.6 +3115.0 159.6
1. 138.% +3174.9 223.0
1.9 174.8 +3239.0 296.1
2.0 223.4 +3309.0 380.5
2.2 389. +3461, 603.
2.3 518. +jsgg. 743.
2.4 709. +3586. 920.
2.9 960 +3584, 1124.
2.6 126%. +J445. 1339.
2.7 1951 +3123.  1523.
2.8 1549, -3336. 1585,
2.9 1338. -§698. 1509.
3.0 1025, -3881. 1367.
301 780. "‘3 100 1198.
302 570. -.1 680 1038.
3.3 425, =J§795. 901.
304 119. -3713. 7810
3.5 253. -3643.  691.
306 2020 -357 . 608.
3og 1640 ‘150 . 524.
3' 135 -3,445c 4 50
3.9 116, -338%. 402,
2.0 100. -J333.  348.
For A, =100 em, d = 1/8"

to within three figures in the third




Table X

N MR e

PWWWW WWWWwWw WD DN

a/Ko = ,00238 a/7\.° = ,00318

gh 2, (ohms) 2, Bh Z,(ohnms) Z,
.1 30.07 -§176.9  179.4 1.1 30.20 -3§159.2 162.0
02 37079 -313008 136.2 1-2 38.01 -311704 12304
3 47.26 -3 85.1 97.34 1.3  47.60 -3 75.5  89.29
04 58- 2 - 808 70.38 104 59023 "J 33.3 67.95
.5 72.80 +3 7.9 73.22 1.5 73.59 +3 10.2 74.29
6 90.35 +J 96.5 106.95 1.6 91.42 +3 55.1 106.7
.g 112.4 +3107.8 155.7 l.g 113.9 +3102.5 153.2
. 141.2 +3161.7 214.7 1. 143.5 +3191.4 208.6
9 178.9 +3219.9 283.5 1.9 182.3 +3204.9 274.3
.0 229.8 +3281.0 63.0 2.0 234.3 +3259.0 350.1
1 300, +3344. 456. 2.1 305, +3315. 438,
2 398, +3408. 570. 2.2 403, +3367. 545.
.3 529. +3a57. 699. 2.3 537. +3400. 648.
4 718,  +3476. 862. 2.4 717. +j392. 817.
5 944, +3418. 1032. 2.5 921. +3300. 969.
6 1179.  +3231.  1201. 2.6 1091. +j 90.0 1095.
07 13100 -J 6.0 131 . 2.7 1140. -31960 11570
08 12450 -34260 131 ] 2.8 1020. -34640 11210
09 10370 "36640 12310 209 845. -36210 10490
.0 805. "3764 1110- 300 6560 "36780 9430
01 602. -‘17640 97 . 3.1 500. -3670. 8 6.
02 454. -3726. 852. 302 3890 -36340 7240
03 348. -‘16680 7530 303 298. “Js 4. 6560
04 2710 -16070 6650 304 240' -35230 5840
5 218. -3549. 591. 3.5 193. -jaB3, 520.
36 178- -34910 518. 3.6 1600 -3435. 4630
.7 147. "34 8. 462. 3og 134. -3390. 4120
08 124. ‘33 4, 404. 3. 114. -33440 3620
09 1080 -33 50 3520 309 1020 -3302o 3190
.0 9308 -.12 90 3040 400 8907 -52600 275.
For ko = 100 em, 4 = 3/16" For Ko =100 em, d = 1/4"




a/Ko = ,00397

Bh Zo(ohms)

1.1 0.3% -3j145.6
102 %8 20 '3106 8
1.3  47.92 -3 67.7
104 59 72 ‘J 28.6
1.5  7a.26 +J 11.9
1.6 92.37 +3 53.7
1.7 115.3" +3 7.9
1. 145 4 +3144,3
1.9 1 g.z +3193.0
2.0 238.8 +32a3.2
2.1 310. +3291.
2.2 209, +3332.
2.3 542, +3351,
2.4 710. +3322.
2.5 888. +3203.
2.6 1005. +3 10.1
20g 10010 -32600
2. 885. '3453
2.9 73,
3.0  555. -3615
301 4260 -3598
3.2 333. -3566.
303 2 00 "'.152 °
304 2140 ‘347 .
305 1740 ’14330
306 1460 '33920
30g 1240 "33530
3.8 108. -33i3.
309 96.2 ‘J2?5o
2.0 85.6 -3236.
For A, = 100 em,

Table X

(contc-

Zo

148.7
113.4
82.9
66.2
75.2

106.9
151.3
204,

267.5
340.9

o
646.
780.
911,

1005.
1034.
1003.
920.
828.

734.
637.
584.

524.
466.

418.
374.
332.
291.
251.

= 5/16u

2)
a/N, = .00476

Bh Z,(ohms) Zo
1.1 0. 48 ~-3134.95 138,
1.3 28.23 -3 61.8  78.a
104 60015 "J 2409 6501
1.5 74.94 +§ 13.3 76.1
1.6 2 .28 +3 52.7 107.
l.g 11 +J 94.2 150.
1. 147. 0 +3138.3 202,
1.9 187.7 +3183.2 262,
2.0 242.4 +3228.8  333.
2.1 314. +j27. 416.
2.2 415, +3303. 514.
2.3 545. +330 626.
2.4 700 +3255. 45,
2.5 850. +J126. 59.
2.6 9290 -J 84 0 9330
207 884- -3303 9340
2.8 763. -3469. 896.
209 61 ° ‘3544 820.
3.0 478. -3563. 738.
301 370. "35460 660.
3-2 292. -35140 5910
3.3 233. ~-ja7é. 530.
304 lql -34340 4740
3.5 159. -§396. 427.
3.6 133. =3359. 383.
30g 1150 ‘33280 343-
30 1020 "328 . 3050
3.9 9007 -325 . 269.
4.0 82.7 "321 . 2330
For A, = 100 em, 4 = 3/8"




a/\ .00635
8h Zo(ohms)

101 30 0 -311606
1.2 38.87 -3 84.7
1.3  48.77 -3 52,2
l.4 60.99 =3 19.1
1.5 76.06 +j 15,3
1.6 94.83 +3 50.8
1.7 118. 93 g 38.1
1.8 150.3 +j126.2
1.9 192.3 +3165.7
2.0 250.0 +3203.9
2.1 320. +3j234.
2.2 420, +j251.
2.3 942. +3228,
2.4 674, +3150.
2.5 764. +3 5.00
2.6 786. =3j184
2.7 703, -J349
2.8 59 . ‘34460
209 472. -34840
300 370. ‘J483.
3.1 290- -34660
302 2330 “1437
3.3 190. ~-3404.
304 1560 -3368
3.5 134. -3338.
N R
328 o 21548,
309 82 ‘32190
4.0 77.2 =3189,
For ho = 100 em,

Table X

(cont., =~ 3)
a/ho = ,00992
2, gh Zo(ohms) _Zo
121. 1.1 31.19 -3 91.4 96.6
93.2 1.2 39.48 -3 65.7 76.6
71.4 1.3 49 79 -3 38.7 63.0
63.9 1.4 62.37 -3 11.2 63.4
77.6 1.5 78.02 +3 17.6  80.0
108, 1.6 97.98 +§ 47.7 109.
148, 1.7  122.6 3 78.8 146,
196, 1.8 155.8 +3j110.0 191,
254, 1.9 199.5 +J139.3 243,
323, 2.0  260.0 +3183.0 307.
396. 2.1 330. +34174. 373,
489, 2,2 421, +3160. 450.
588. 2.3 522, +3104.  532.
690. 2.4 596, +3 2.50 596.
764, 2.9 612. -3140. 628.
807. 2.6 563. =-3264, 622,
785 2og 4800 "33490 5940
7460 2. 392. "33880 552.
676. 2.9 310,  -1393. 500.
608 3.0 2500 ‘J377- 4520
5490 3.1 1920 '33630 4110
495 302 1620 -33390 376.
4460 303 1360 "JB].O. 338.
4000 3.4 1150 "'3285 3070
364. 3.5 102, -3264,  283.
3290 3.6 90 0 -3240. 2560
2970 307 82.5 -‘1218 2330
2640 3'8 7505 -3196 2100
2340 3.9 71.0 ‘31740 188
2040 400 6807 -3151. 1660
= 1/2v For A, = 100 em, d = 3/4"




Table XI

Values of ()
Q=2 log ﬁ%% + 2 log %
A = 100 cm for the values
of & 1listed - -

Bh d =3/32" d=1/8" da=3/16" d=1/4"
1.1 11.36774 10.79236 9.98138 9.40606
1.2 11.54176 10.96638 10.15540 9.58008
1.3 11.70186 11.12648 10.31550 9.74018
1.4 11.85008 11.27470 10.46372 9.88840
1.5 11.98806 11.41268 10.60170 10.02638
1.6 12.11714 11.54176 10.73078 10.15546
1.7 12.23828 11.66290 10.85192 10.27660
1.8 12.35266 11.77728 10.96630 10.39098
1.9 12.46086 11.88548 11.07450 10.49918
2.0 12.96334 11.98796 11.17698 10.60166
2.1 12.66098 12.08560 11.27462 10.69930
2,2 12.75408 12.17870 11.36772 10.79240
2.3 12.84290 12.26752 11.45654 10.88122
2.4 12.92806 12.35268 11.54170 10.96638
2.5 13.00964 12.43426 11.62328 11.04796
2.6 13.08812 12.51274 11.70176 11.12644
2.7 13.16364 12.58826 11. 77728 11.20196
2.8 13.23632 12.66094 11.84996 11.27464
2.9 13.30654 12.73116 11.92018 11.34486
3.0 13.37438 12.79900 11.98802 11.41270
3.1 13.43990 12.86452 12.05354 11,47822
3.2 13.50344 12.92806 12.11708 11.54176
3.3 13.56492 12.98954 12.17856 11.60324
3.4 13.62466 13.04928 12.23830 11.66298
3.9 13.68266 13.10728 12.29630 11.72098
3.6 13.73896 13.16%58 12.35260 11.77728
3.7 13.79378 13.21840 12.40742 11.83210
3.8 13.84716 13.27178 12.46080 11.88548
3.9 13.89906 13.32368 12.51270 11.93738
4.0 13.94972 13.37434 12.56336 11.98804

e e . e e e




Table XI

Values of () (continued)
N
Q=2log;%h§+210ga

A = 100 cm for the values

of 4 listed

Bh d= 5/16n 4= 3/8n ] d= 1/2" d=3/4n
1.1 8.95970 8.59518 8.01976 7.20880
1.2 9.13372 8.76920 8.193g8 7.38282
1.3 9.29382 8.92930 8.35388 7.54292
1.4 9.44204 9.07752 8.50210 7.69114
1.5 9.58002 9.21550 8.64008 7.82912
1.6 9.70910 9.34458 8.76916 7.95820
1.7 9.83024 9.46572 8.89030 8.07934
1.8 9.94462 9.58010 9.00468 8.19372
1.9 10.05282 9.68830 9.11288 8.30192
2.0 10.15530 9.79078 9.21536 8.40440
2.1 10.25294 9.88842 9.31300 8.50204
2.2 10.34604 9,98152 9.40610 8.59514
2.3 10.43486 10.07034 9.49492 8.68396
2.4 10.52002 10.15550 9.58008 8.76912
2.5 10.60160 10.23708 9.66166 8.85070
2.6 10. 68008 10.31556 9.74014 8.92918
2.g 10.35 60 10.39108 9.81566 9.00470
2. 10.82828 10.46376 9.88834 9.07728
2.9 10.89850 10.53398 9.95856 9.14760
3.0 10.96634 10.60182 10.02640 9.21544
3.1 11.03186 10.66734 10.09192 9.28096
3.2 11.09540 10.73088 10.15546 9.34450
3.3 11.15688 10.79236 10.21694 9.40598
3.4 11.21662 10.85210 10.27668 9.46572
3.5 11.27462 10,91010 10.33468 9.52372
3.6 11.33092 10.96640 10.39098 9, 58002
3.7 11.38574 11.02122 10.44580 9.63484
3.8 11.43912 11.07460 10.49918 9.68822
3.9 11.49102 11.12650 10.55108 9.74012
4,0 11.54168 11.17716 10.60174 9.79078




Table XITI
Additional Values of Z° Near Antiresonance

T

o

1=7 {1=38 O=9 | O=1

264.0 +j 69.90
291.4 +j 52.98

* ©® [ J
N HOOWNW 0NN Ovaund
owWm OVIOWNMO \Monouy Onowuno

W WP PPN I\)'\)l\)!\)l.\)

* o

2.

2.
DB 28 13 s
. 324.6 -J 42.82 |211.% +j 86.247 | 425.4 +3§207.1
2. 330.5 -Jj127.0 469.4 -3 2.858 5%2.9 +3154.7| 547.5 +3296.8
2. 279.0 -3187. 474.3 -3118.5 624.1 +j 40.21 697.1 +3j227.3
2. 247.1 -3205.0 453.8 -3173.1 646.1 -3 36.01 766.7 +3160.4
20 21502 "3214'4 421-2 -121804 64606 -511704 82004 +j 71-037
2. 381.9 -j252.2 | 625.3 -3195.% 850.3 -j 33.99
2. 338.9 -3j274.3 586.5 -3j261. 849.9 =3j145.5
2. 535.6 -j313.7| 819.6 -3250.9
2. 480.0 -3349.1] 765.5 =3339.9
2.

69606 - 40703
2. 622.2 -%452.6
5 (=11 =125 1=15 (1=20
715.9 +4398.1

. 816.9 +3%59.1

. 917.1 +j292,0 965.3 +3594.0

. 1007, +j192.4 [1116, +3540.9

. 1070, +j 64.78 |1268. +j443.0 |1330.+3j1025

. 1080. -3j230.7 [1499. +j 93.91 |[1878.+j 860.4 | 1895.+32150.

ey B Y B2 G5 | s
822.1 “1546:0 388 33321 |2a3B.-3 166.7 | 3847411834
.0
9

740.9 -3J592.2 [1248. <«3696 2362.-3 570.9 | 4567.+31104.
1094. "1787 21490 "‘J 924-4 4943. ‘J 504
1 943.6 -3835.5 |1870.-31159. 4790.-31191.
1579. -312 50 40760"320710
1313.-31328, 3262.=32521,

2527.=-32639.
1944.-32570.
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Table XVI
TABULATION OF MEASURED IMPEDANCES

= 60 cm.
£ = 2.98 x 1073

RESISTANCES

Boh E fad 2.21 ‘E = 5.32 'E' = 7009 %: 10964 E = 25"11
0.105 — - - - -
0.209 - - - - -
0.314 - - - - -4
0. 554 3.25 3.13 3.36 3.71 3.28

4 3o o ° ° L4
0.628 4,21 4,47 4,66 5.21 6.30
0.732 6.92 6.17 7.07 8.18 ' 9,71
0.838 8.69 8.70 8.95 10.48 @ 11.76
0.942 11. 7o 11.83 11.89 13.52 14.17
1.047 g 15.41 15.08 16.21 17.16
1.152 g 19,13 18.97 19.96 20.92
1,256 0 23.66 24,00 24,46 25.34
1.361 28 98 29,10 28.54 28.93 30 36
1.413 32.64 32.69 31.79 32.69
1,466 36.30 36.03 315.74 36.15 37006
1.518 41.34 39.90 39.67 39.84 R
1.571 45,62 43 13 42,22 45,12 44.29
1 . 623 520 55 hadad hadind -
1.675 57.59 55 67 54.96 94.33 54.12
1.780 73.72 71.37 69.8 68.91 66.11
1.385 92.73 90,09 86.3 83.76 80.54
1.989 127.1 114.9 108.3 104.7 110.7
2.094 167.9 151.0 140.1 12g.5 128.9
2.199 217.5 191.9 178,1 168,.0 161.0
2.30 298,.2 257.7 227,0 217,2 211.5
2.40 385.0 331.4 302.8 286.9 275.3
2051 4'9 07 4-36 o 39506 38105 36306
2.61 568,.9 534.1 493.8 475.9 469.4
2,670 580.1 55706 539.4 - -
2,722 592.1 587.8 584.4 57605 599.5
2.774 - 601.9 602.3 608.3 -
2,827 530.9 600, 3 610.5 622.3 686,0
20880 - hatha 61407 69008
2.932 432,.8 505,5 560.1 596.7 686.4
3.036 318og 394.0 453.8 501.0 582.6
3,141 253, 311, 360.7 401. g 464.7
3.246 - 231, 270.2 298. 336.0
3.351 - 178.4 - 220.8 244.3
3.456 e - - - 181.1




Table XVI (cont, =~1)

A = 60 cm.

a - -3

X 2.98 x 10

REACTANCES
Boh  g=2.21 2=532 2=70 =106 2-osm1

0.105 -808.8 -1104 -1141 -1311 -875.4
0.209 -507.5 - 609.4 - 637.2 - 757.8 -688.1
0.314 -380.7 - 431,1 - 449.5 - 501.8 -500.1
0 419 ‘30400 - 33908 - 34809 - 37700 -38206
0 524 -24807 - 271.8 - 28209 - 29707 "299.1
0.628 -211,8 - 228.1 - 234,0 - 237.8 -246.5
0.732 -188.4 - 189.1 - 189.7 - 194,0 -200.4
0 838 -14601 - 154.5 - 157.7 - 16106 -166.0
0.942 -118.1 - 123.8 - 124.3 - 127.7 -128.9
10047 - 93061 - 97.78 - 98. 27 - 99068 "10002
10152 - 69.36 - 72006 - 73036 - 73024 - 73.10
1.256 - 46,49 - 48,47 - 49,06 - 49.08 - 47.73
1.361 - 23.44 - 25.27 - 24,29 - 24,22 - 22.90
1.41 - 11.09 - 11,86 - 11.65 - 10.69 -
1.46 0.24 0.31 0.59 0.72 2.27
1.518 11097 11017 11.84 11.66 -
1.571 21.63 21.37 21,28 23.12 24,95
1.623 34.79 -- -- —- -
1.675 48,27 47,96 47.4 48,22 51.60
1. 885 101.3 99.53 98.53 99.57 103.6
1.989 135.4 128,.3 125.0 127.0 131.7
2.094 165.5 154,7 152.0 157.9 161,
2.199 186.3 182.0 178.6 186.6 188.
2.30 208.5 203.7 207.6 213.5 221.1
2.40 191.1 211.8 220.0 223.5 248,1
2.91 147.1 192.9 212.6 230,2 263.0
2.61 42.89 110.9 166.3 187.9 238.5
2.670 - 36,71 51,96 126.2 - -
2.722 -104.8 - 19.41 51,63 87.01 174.4
2.774 ~- - 95.98 - 18.75 27.52 --
2 827 "243.0 - 171.5 hd 96 62 - 49028 320 78
2.880 - - -- - 129.5 - 42,80
2.932 -312.2 - 284,0 - 234.4 - 192.4 -153.1
30036 -349.6 ind 33100 e 32301 - 31100 "‘29801
3.141 -340.4 - 347.1 - 350.7 - 359.5 -377.3
3.246 -- - 331.1 - 348.5 - 359,6 -391.1
30351 haded - 31104 - - - 33803 -37105
3.456 - -- - -- -334.2
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Table XVI (cont., =2)

A = 60 cm,
a _ -3
RESISTANCES
a
o = 1.33
Bh 2=1.67 2=s.00 2=-533 R=800 2=18.33
0,105 - -- - -- -
0. 209 - - - -- -
00314 - - - - - ou
0.419 2.13 1.85 1.61 1.759 4,05
0.524 3.14 2.48 3.98 2.83 6.06
0.628 4.45 3.45 5.46 4,84 7.76
0.732 5.98 6.15 7.64 6.89 9.60
0.838 7.85 8.65 9.29 9.91 11.58
0.942 11.08 11.50 12.20 12.85 14.27
1.047 14,38 15,01 15,46 18.38 17.51
1.152 18.32 18,56 19.42 20.09 20.44
1,256 23,52 23,65 24,31 24,41 25.62
1.361 29,98 29,49 29.33 29.47 30.57
1041 33.56 33.20 320 3 3 047 -
1.46 37,04 37.05 36,72 36.58 37.68
1.518 42,22 40.51 39.85 40,06
1.571 48,21 44,78 45,08 44,36 45 54
1.675 60.33 58.42 56,81 55.03 56.07
1.780 80.24 74 .41 71.24 69,25 67.18
1,885 103.5 92.75 89.81 86.65 83.23
1.989 137.1 120.0 113.5 109.4 103.2
2.094 182.4 154.3 145.9 138.1 130.4
2.199 238.7 201.4 188.9 176.4 166.2
2.30 306.1 263.1 241.5 227.2 211.5
2.40 393.7 336.7 312,5 296,9 274.5
2. 56 4750 2 470.0 4 8.6 bt - -
2.618 488,.7 498,1 483.1 462.8 455,8
2.670 481.6 52101 51208 528.8 -
2,722 465,5 531.6 53649 - 544.,1
2.774 -- - -- 555.5 582.6
2.827 392.5 507.1 522.3 554,1 596.9
2.880 - -— - 538.1 -
2.932 319.6 436.0 464,0 501,2 579.4
3.036 247.6 345,0 375.6 419.3 504.0
3.141 191.9 267.6 292.8 325,1 395.9
3.246 - 199.4 222,59 250.2 295.3
3.351 - - - 191i.4 217.;
3.456 -- -- -- - 163.0




Table XVI (cont, =3)
= 60 cm.
& = 3,97 x 1073
REACTANCES
a .
s = 1.33
Bh 2=1.67 2=4.00 2=533 2-800 2-18.33
0.105 -694.0 -980.0 ~-1006 -1100 -957.8
0.209 -443.1 -522.9 - 572.2 - 632.5 -610.8
0.314 -333.5 -376.6 - 398.8 - 427.6 -445,
0.419 -269.8 -297.2 - 301.3 - 309.2 -342,
0.524 -221.9 -241.0 - 250.7 - 259.2 -271.3
0.628 -184.9 -199.0 - 205.9 - 212.3 -221.0
0.732 -156.1 -165.9 - 169.6 - 177.1 -181.1
0.838 -130.0 -136.2 - 138.5 - 143.6 -146.3
0.942 -105.6 -110.2 - 111.4 - 114.8 -116.9
1.047 - 83.81 - 86.62 - 87.32 - 89.62 - 90.35
1.152 - 62.81 - 64.59 - 64.73 - 65.98 - 60.73
1.256 - 42.00 - 42.53 - 42,37 - 43.42 - 42.61
1.361 - 20.50 - 20.49 - 20.64 - 20.49 - 19 38
1.41 - 909 - 9-09 - 8.76 - 8-49
1.46 0.4 1.01 1.25 2.09 3 57
1.518 11.62 12.48 12.16 12.99
1.571 21.75 23.71 22.89 24.26 26.12
1.679 43.35 45.63 45.31 46.16 48.96
1.780 68.75 70.54 73.19 69.52 71.96
1.885 93.52 93.38 92.03 93.81 97.30
1.989 116.7 116.9 116.3 117.9 121.7
2.094 138.9 141.7 142.1 144.9 149.1
2.199 148.4 162.7 165.4 168.4 175.4
2.30 142.0 175.7 182.2 185.4 196.0
2.40 108.6 170.9 188.4 192.9 215. 7
2.512 28.19 136.4 161.1 192.9 220
2056 - 24 52 101.1 128-6 -
2.618 - 79.54 60.06 90.60 140.2 194.3
2.670 -1 800 - 0 69 40.85 44‘0 4 - -
2,722 -183.0 - 59 50 - 18.8% -- 115.4
2.774 -- -- - 19.34 55.90
2.827 -261.6 -174.7 - 143.6 - 89.45 = 19 23
2.880 -- - - 151.9
2.932 -295 -261.7 - 246.3 - 216.9 -168.8
3.036 -297, 6 -304.1 - 299 - 287.0 -280.5
3.141 -291.2 -313.3 - % - 322.9 -33%.0
3.246 -- -304.7 - 308.7  -317.1  -345.4
3.391 - -- - 298.7 -324.9
3.456 - -- -- -- -294.4




Table XVI (cont., =4)

A = 60 cm.
2 = 9.26 x 1073
RESISTANCES
b= 228 g =3.43
0.99 1.99
1.43 2,02
2.46 2,70
2.81 3.62
T
8.64 9337
11.58 12.72
15.04 16.28
19.24 20.34
24. 46 23.67
30.79 30.12
39.08 38.46
28 23
81.53 75.32
104.9 96.27
134.4 124.8
171.7 157.4
T
294..9 7.9
316.0 318.8
i b
235.5 582.%
159.7 195.0
127.0 160.0
e
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Table XVI (cont. =5)

A = 60 cm.
8 = 9,26 x 107
REACTANCES

B h 2-1m b- 2.8 b-3.4 2= 8.10
0.105 -433.8 -482.4 -572.2 -635.2
0.209 -283.3 -307.9 -352.g -414.3
0.314 -220.1 -237.9 -261. -304.3
0.419 -179.1 -191.8 -208.4 237.4
00524 -15003 ‘159.0 "17104 -19202
0.628 -126.2 -133.9 -141.5 -157.5%
0.732 -107.7 -112.4 -117.8 -129.0
0.838 - 90.06 - 93.54 - 98.36 -105.3
0. 942 - 7%-50 = 75096 - 78- 9 - 83037
1.047 - 58.50 - 59.5 - 61.20 - 63.97
1.152 - 4'30 1 - 4305 - 44088 - 45054
1.256 - 27.62 -~ 28.46 - 27.17 - 27,86
1.361 - 12.92 - 11.92 - 10.47 - 11.06
1.466 2.64 2.93 4.66 5.70
1.571 18.01 19.13 21.12 21.86
1.675 31.90 34.23 35.80 39.34
1.780 47.53 50.21 52.84 56.33
1.885 60.21 64.11 69.32 72.57
1.989 70.67 76.02 81.3 89.12
2.094 72.49 80.63 88.52 98.81
2.199 51.62 70.65 87.05 114.1
2.30 17.35 48.66 73.0 120.6
2.40 - 31.34 4.44 44.9 115.2
2.91 - 87.91 - 53.67 - 6.04 85.39
2.61 -134.6 -109.3 - 63.25 44.08
2.722 -175.2 -154.1 -123.8 - 28,61
2.827 -194.9 -186.9 -169.9 ~-101.0
2 93 "’196-8 ‘20303 "'19707 "16609
3.036 -«196.5 -201.7 -207.6 -200.4
3.141 -187.2 -197.1 -205.9 -223.6




Table XVI (Cont. -6)

A= 60cm
a _ -2
RESISTANCES REACTANCES

Boh -§=1.33 b =200 -§=4.7z §=1.33 2 =2.00 j=4.72
0.015 - -- -- -247.6 -368.5 -469.0
0.209 ~- - 0.89 -172.0 -232. g -308.6
00314 1-42 lo 96 3. 0 "13906 "178 -22907
00419 1071 2079 4' “11709 "144 8 "181.8
0. 524 2038 3.66 6 02 -10101 -120-9 ‘146 4
0.628 3.60 4.97 7 2 - 3504‘8 '101.7 "119 5
0.838 7.40 9.83 11 57 - 64.31 - 70.93 - 79 93
0.942 9.87 11.91 14.32 - 53.40 - 57.9 - 63.32
1.047 13.37 15.65 17.71 - 42,51 - 45.25 - 48.35%
1.152 17.48 19.30 21.57 - 31.63 - 33.14 - 34.09
1.256 22960 24.32 6037 - 21022 - 21 98 - l9oll
1.361  30.66  30.47  32.34 - 10.49 - 10.23 - 6.88
1.466  39.64  39.06  39.16 0.04 0.37 5.86
1.571 52.67 52.19 49.02 10.00 11.90 18.49
1.675 68.96 65.92 60.39 17.06 20.42 31 39
1.780 88.22 85.8 73.07 22.74 30.08 2.69
1.885 110.9 104.9 89.65 23.50 34.24 52 78
1.989 137.5  129.4 110 1 8.46  35.97 61 66
2.094 156.8 157.2 134.3 - 17.07 29.80 .21
2.199 170.5  184.8  161.9 - 44,95  10.57

2.30 170.6 203 .9 198.8 - 73.11 - 18.40 61 45
2.40 159.8 211.6 229.5 - 99.44 - 51.56 40.87
2.21 144.0 206 .3 294.1 -117. - 87.66 5.76
2.722 105.9 168.9 265 4 -133.9 -132.7 0 82
2.827 91.69 146.4 244.2 -133.0 -144.8 -121.0
20932 78.09 12203 213 0 -13000 "14704 "14'708
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